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Me is* ical valves 

Mrchantatl h*>art valves are prosthetics designed to replicate the function of the 
natural valves of the human heart. The human heart contains lour valves: tricuspid 
val ve, pulmonic valve, mitral valve and aortic valve. Their main purpose is to 
maintain unimpeded forward How through the heart and from the heart into the 
major blood vessels: connected to the heart, the pulmonary artery and the aorta, As 
a result of a number of disease processes, both acquired and congenital, any one of 
the fnn- heart valves may malfunction and result in either stenosis (impeded 
forward How) and/or backward How (regurgitation). Either process burdens the 
heai t and may lead to serious problems including heart failure A mechanical heart 
valve is intended to replace a diseased heart valve with its prosthetic equivalent 

There arc two basic types of valves that can be used for aortic valve replacement, 
mechanical and tissue valves Modern mechanical valves can last indefinitely (the equivalent of over 
50,000 years in an accelerated valve wear tester). However, current mechanical heart valves all require 
lifelong treatment with a blood thinner, e.g. warfarin, which requires monthly blood tests to monitor, 
This process of thinning the blood is called anticoagulation. Tissue heart valves, in contrast, do not 
require the use of anticoagulant drugs due to the improved blood How dynamics resulting in less red cell 
damage and hence less clot formation. Their main weakness however, is their limited lifespan. 
Traditional tissue valves, made of pig heart valves, will last on average 15 years before they require 
replacement. (Studies as of November 200b suggest (hat they may last longer in recipients under 50, 
refuting previous understanding) 

Types of MM V's 

There are three major types of mechanical valves - c(tMtMHjtN,Jiftutf(-<tixk and bikafiet - with many 
modifications on these designs 

The first artificial heart valve was the cagcd-bail which utilizes a metal cage to house a metal ball 
When blood pressure in the chamber of the heart exceeds thai of the pressure on the outside of the 
chamber the bad is pushed against the cage and allows blood to How. At the completion of the bean's 
contraction, the pressure inside the chamber drops and is lower than heyoug she valve, so the ball moves 
back against the base of the valve forming a seal. In l l >52, Dr. Charles 1 lufnagel implanted caged-bai! 
ju-art valves in ten patients (six survived the operation), marking the first long-term success in prosthetic 
heart valves A similar valve was invented by Miles "towel!" Edwards and Albeit Starr in l°60 
(commonly referred to as the Starr-Edwards Silastic Bali Valve). The first human implant was on Sept 
2i, 1060. Currently, the only caged-bail design approved for use in the US is the Starr-Edwards valve. If 
consists of a silicone ball enclosed in a cage formed by wires originating from the valve housing. Caged 
ball valves have a high tendency to forming Mood clots, so the pattern must have a high degree of anti- 
coagulation, usually with a target INK of 4.0-4. 0. 

Soon alter came txifing-disc valves, which have a single circular occluder controlled by a metal strut 
They arc made of .a metal ring covered by a tissue, into which the suture threads are stitched in order to 
hold the valve in place. The metal ring holds, by means of two metal supports, a disc which opens and 
closes as the heart pumps blood through the valve. The disc is usually made of an extremely hard carbon 
material (pvcolyhc carbon), in order to allow the valve to function for years without wearing out The 
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Medironie-Hali model is the mosi common liliing-disc design in the US. In some models of mechanical 
valves, the disc is divided into two parts, which open and close as a door 

These hik'uftet valves have the advantage that they have a greater effective opening area (2.4- > .1 .square 
cm e.f i .5-2 1 for the single-leaflet valves). Also, they are the least thrombogenie of the artificial 

valves. 

Si. iiide Medical is tire leader in bilcaflct valves., which consist of two semicircular leaflets that rotate 
about stmts attached to the valve housing This de-sign was introduced in I «>7^ and while they take care 
of some of the issues that were seen in the other models, bileaflcfs are vulnerable to backflow and so it 
c: . mm ,i be considered as ideal Bileaflet valves do, however, provide much more natural blood How than 
citged-batt or tilting-disc implants One of the main advantages of these valves is that they are web 
tolerated by the body Only a small amount of Wood thinner is needed to be taken by the patient each 
day in order to prevent clotting of the blood when flowing through the valve. 

Mechanical heart valves are today very reliable and allow the patient to live a normal life. Most 
mechamcal valves las? for at least 20 to 10 years. 

Durability 

Mechanical heart valves are considered to be extremely durable in comparison to their hioprostSietic 
counterparts. The struts and occluders are made out of either pyrolylic carbon or titanium coated with 
pyrotytie carbon, and the sewing ring cuff is Teflon, polyester or daeron. The major load arises from 
traniival volar pressure generated at arid after valve closure, and in cases where structural failure does 
happen, it is usually as a result of occluder impact on the components. 

Impact wear and friction wear dictate the loss of material in MHV's. Impact wear usually occurs in the 
hinge regions of hi leaflets, between the occluder and ring in tilting-discs, and between the ball and cage 
in caged-hall valves. Friction wear occurs between the occluder and strut in tilting-discs, and between 
the leaflet pivots and hinge cavities in bileaflets. 

MB V 's made out of metal ate also susceptible to fatigue failure owing to the polverystaJiine 
characteristic of metals, but this is not an issue with pyrolytic carbon MHV's because this material is not 
crystalline in nature 

Cavitation should also he considered when studying degradation of MH V \y 

Many of the complications associated with MHV's can be explained through fluid mechanics for 
example, thrombus formation is a debilitating side effect of high shear stresses created by the design of 
the valves An ideal heart valve from an engineering perspective would produce minimal pressure drops, 
have smai! regurgitation volumes, minimize turbulence, reduce prevalence of hod' stresses, and not 
create flow separations ill the vicinity of the valve. 

One measure of the quality of a valve is the effective orifice area (EGA), which can be calculated as 

follows: 
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where O it: the root mean square systolic/diastolic How rate (em-Vs) and \p is the mean 
sysiolic/Xstolic pressure drop (mm! !<•). This is a measure of how much the prosthesis impedes blood 
flow through the valve. A higher EGA corresponds to a smaller energy loss. The performance index (PI) 
normalises die IK) A by valve size and is a size-independent measure of the valve's resistance 
characteristics. Bdeafkt valves typically have higher PVa than tilted-disc models, which in turn have 
higher fVs than caged-ball models 

As blood flows through a prosthetic heart valve, a sudden pressure drop occurs across the valve due to 
the reduction in ei ossxsechonal area within the valve housing. This can be quantified through the 
continuity ccjmition and Bernoulli equation: 



where A represents the cross-sectional area, /* is pressure, ? is density, and f'is the velocity. As cross- 
sectional area decreases in the valve, velocity increases and pressure drops as a result. This effect is 
more dramatic in cagcd-bal! valves than in tHti.ng-d.isc and hileaflet valves. A larger systolic pressure is 
required to drive How forward in order to compensate for a large pressure drop, so it should be 

minimized. 

Regurgitation is the sum of retrograde How during the closing motion of the valve and leakage How 
after closure. It is directly proportional So valve size and is also dependent on valve type Typically, 
caued-ball valves have & low amount of regurgitation as there is very little leakage. TiUing-disc and 
hiSeafiei valves are comparable, with the W leaflet valves have a slightly larger regurgitation volume. 
Bioprostheties prevail over MMV's in this case, as they have virtually no regurgitation volume 

Turbulence and high shear stresses are also major issues with MHV\ as they can fracture the valve 
housing or components, or induce blood damage. A large flow gradient can lead to these factors, so flow 
separation and stagnation should be as small as possible. High stresses arc created at the edges of the 
annular jet in caged-bail valves, in narrow regions at the edges of the major orifice jet in ti lung-disc 
valves, and in regions immediately distal to the valve leaflets in bi leaflet valves. The implications of 
blood damage from these stresses are discussed in the next section. 

The cavitation phenomenon can also be described using fluid mechanics. This can result from pressure 
oscdi atioiis, flow deceleration, tip cortices, streamline contraction, and squeeze jets \A). This hist cause 
is the most eontnbutive factor to cavitation The squeeze jets are formed when the valve is closing and 
the blood between the occluder and valve housing is "squeezed" Out to create a high-speed jet This in 
■urn creates intense vortices with very low pressures that can lead to cavitation. 

Blood damage 

One of the major drawbacks of mechanical heart valves is that patients with these implants require 



A\\ \ ~ A J ', 

i « r 1 x .. 



htip://en. wikipedia.org/wiki/Atlii1eiai heart valve 



? S 200' 



b. 08 07 0S;08p Pstrea L, Pabst 

Artificial heart valve - Wikipedm the free encyclopedia 



706 283 7737 p< 
Page 5 of* 



consistent anti-coagulation therapy, dots formed by red blood cell (KBC) and platelet damage can 
block up blood vessels and lead to very serious consequences Clotting occurs in one of three basic 
pathways: tissue factor exposure, platelet activation, or contact activation by foreign materials, and in 
ihrcc steps: initiation, amplification, and propagation. 

in the {issue factor exposure path, initiation begins when cells are ruptured and expose tissue factor (TV). 
Plasma Factor if) VII binds to TF and sets off a chain reaction which activates fXa and fVa which, bind 
to each other to produce thrombin which in turn activates platelets and Fv'lO. The platelets activate by 
binding to the damaged tissue in the initiation phase, and fibrin stabilizes the clot during the propagation 
phase. 

The platelet activation pathway is triggered when stresses reach a level above o to 8 Pa (00-80 
dymemT. The steps involved with ibis are less clearly understood, but initiation begins with the binding 
of v WF from the plasma to CiPlb on the platelet This is followed by a large influx of Ca 2 i ions, svhJc h 
activates the platelets GPIib-ilia facilitates platelet- platelet adhesion during amplification. The 
propagation step is still under study 

Contact activation begins when fXH binds to a negatively charged surface. This in turn activates 
prekailikrein (PK) and high- molecular-weight kininogen (UK). Eventually. HKa-PK and HKa-fXS 
complexes form on the surface. In amplification, Hka-FXJa complexes activate fix to HXa, which in 
turn forms thrombin and platelets. Proteins buildup on the surface and facilitate platelet adhesion and 
tissue growth in the propagation stage. 

All MHV models are vulnerable to thrombus formation due to high shear stress, stagnation, and How 
separation. The cagcd-bal! designs experience high stresses at the walls that can damage cells, as well as 
flow separation due to high-velocity reverse flow surrounded by stagnant flow. Til ting-disc valves have 
flow separation behind the valve struts and disc as a result of a combination of high velocity and 
stagnant flows. The bileafiet models have high stfesscs during forward and leakage flows as well as 
adjacent stagnant flow in the hinge area- As it turns out, the hinge area is the most critical part of 
bileaflets and is where the thrombus formation is usually prevalent 

In general, blood damage affects valves in boil) the mitral and aonic positions. I ligh stresses during 
ieakage flow its aortal valves result front higher iransvafvukir pressures, and high stresses occur during 
forward flow for mitral valves Valvular thrombosis is most common in mitral prosthetics. The eaged- 
baii model is better than the other two models in terms of controlling this problem, because it is at a 
lower risk for thrombosis and it is gradual when it does happen. The hi leaflet is more adaptable to (his 
problem than the- (ilting-di.se model because if one leaflet stops working, the other can still function. 
However, if the hinge is blocked, both leaflets will stop functioning. 

Because all models experience high stresses, patients with mechanical heart valve implants require anti- 
coagulation therapy. Bioprosthetics are less prone to develop blood clotting, but the trade-off concerning 
durability generally favors their use in patients older than age 55. 

Mechanical bean valves can also cause hemolytic anemia with hemolysis of the ted blood cells as they 
pas;; through the valve. 

Biological values 
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Hioio^icai valves are valves of animals, like pigs, which undergo several chemical procedures in order 
to make them suitable fur implantation in the human heart. The porcine (or pig) heart i.s most similar to 
the human heart, and therefore represents the best anatomical fit lor replacement. Implantation of;, 
porcine valve is a type of Xenotransplantation, or Xenograft, which means a transplant from one species 
(in this case a pig) to another. There are some risks associated with a Xenograft such as the human 
bodies tendency to reject foreign material, Medication can be used to retard this effect, but is not always 
successful, 

Another type, of biological valve utilizes biological tissue to make leaflets that are sewn into a metal 
frame. This tissue is typically harvested from the IVr'tmniiul Sac of either Bovine (cows) or Equine 
(horses). The pericardial sac is particularly well suited for a valve leaflet due to its extremely durable 
physical properties. This type of biological valve is extremely effective means of valve replacement. The 
tissue is sterilized so that the biological markers are removed eliminating a response from the host's 
immune system. The leaflets are flexible and durable and do not require the patient to take blood 
thinners for the rest of their life. 

The most used heart valves m the US and El) are those utilizing tissue leaflets. Mechanical valves are 
more commonly used in Asia and Latin America. The following companies manufacture artificial heart 
valves: Medtronic, Kdwards Lifeseiences. and St. iu.de.. 

Functional requirements of heart valve prostheses 

The functioning of natural heart valves is characterised by many advantages: 

s Minimal regurgibuion - This means that the amount of blood lost upstream as the valve closes is 
small, for example, closure regurgitation through the mitral valve would result in some blood loss 
from the left ventricle to the left atrium as the mitral valve closes. Some degree of valvular 
regurgitation is inevitable and natural (Fixme. Give indicative value). However, several heart 
vtilve pathologies {e.g. rheumatic endocarditis) may lead to clinically significant valvular 
regurgitation. A desirable characteristic of heart valve prostheses is that regurgitation is minimal 
over the full range of physiological heart function (i.e. complete functional envelope of cardiac 
output vs. heart rate). 

« Minimal transvtd volar pressure gradient - Whenever a fluid flow;; through a restriction, such as a 
val ve, a pressure gradient arises over the restriction. This pressure gradient is a result of the 
increased resistance to flow through the restriction. Natural heart valves have a low tnmsvalvolar 
pressure gradient as they present little obstruction to the flow through themselves (Fixme. Give 
indicative value). A desirable characteristic of heart valve prostheses i.s that their trnnsvalvular 
pressure gradient is as small as possible. 

s Norn throm oogenic - As natural heart valves are lined with an endothelium continuous with the 
endothelium liiiinu the heart chambers they are not normally thrombogenic. This i.s important as 
should thrombus form on the heart valve leaflets and become seeded with bacteria, so called 
"bacterial vegetations" will form. Such vegetations are difficult for the body to deal with as the 
normal physiological defense mechanisms are not present within the valve leaflets because they 
are avascular and largely composed of connective tissue (Fixme: Create article discussing the 
pathgonesis of leaflet bacterial vegetations.). Should bacterial vegetations form on the valve 
ieafets they may continually seed bacteria into the arterial tree which may lead to bacteremia or 
septicaemia. Portions of the vegetation may also break off forming septic emboli. Septic emboli 
can lodge anywhere in the arterial tree (e.g. brain, bowel, lungs) causing local infectious foci. 
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Even dislodged fragments from non-infectious vegetations (fuxme: h this the correct 
terminology?) can be hazardous as they am lodge hi, and block, downstream arteries (e.g. 
coronary arteries leading io myocardial infarction, cerebral arteries leading to stroke), A desirable 
characteristic of heart valve prostheses is that they are non or minimally throtubogemc, 

is Self-repairing - Although of limited extent compared to well vascularized tissue (e.g. muscle), the 
valve leaflets do retain some capacity for repair due to the presence of regenerative cells (e.g. 
fibroblasts) in the connective tissue from which the leaflets are composed. As the human head 
beats approximately 3 .4x10 12 times during a typical human lifespan this limited but nevertheless 
present repair capacity is critically important. No heart valve prostheses can currently self-repair 
but replacement tissues grown using stem cell technology may eventually offer such capabilities. 
(State that they wear). 

« Rapid dynamic response - STD 

Design challenges of heart valve prostheses 

« Thi oncogenesis / hacmocompaUbiiity 
si Mechanisms: 

» Forward and backward flow shear 
s« Static leakage shear 

« Presence of foreign material (i.e. intrinsic coagulation cascade) 
* Cellular mascerarion 

ss Valve-tissue interaction 

m Wear 

ss Blockage 

» Gelling stuck 

« Dynamic responsiveness 

;» Failure .safely 

* Val ve orifice to anatomical orifice ratio 
«s Trans-valvular pressure gradient 
ss Minimal leakages 

Typical configuration of a heart valve prosthesis 

Anchor 
ss Lea nets 



M I I V in a u fa c t u res 

Companies that manufacture MHVs include: 

du >ui ift i ice (formerly Ba ter-Edwards Critical i ire) (hup v> i dwar< >m/) 
rrK € intra (http.//ukchitfa.h eartvalve.com/) 

M Jude (hupv/www.sjm coni/devices/devicetype.aspx?locafion~in&type ijK l8) 
Medtronic { lutj) ; // w w w. c t suet .or g/med rron i e/p rod u ct/609 ) 
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